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Abstract
A New Spatially-Resolved Method to Sample Biofilms from Drinking Water Fountains
By
Yi Liu
Master of Science in McKelvey School of Engineering
Department of Energy, Environmental and Chemical Engineering
Washington University in St. Louis, 2020
Research Advisor: Dr. Fangqiong, Ling
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A drinking fountain, also called a water fountain, is a facility designed to provide
drinking water in public space. It consists of a basin and a spout. The users need to bend down to
the stream to collect or drink water. The history of water fountains can be traced back to ancient
Rome. Even before potable water was provided to individual homes, water for drinking was
already made available to citizens through access to public fountains. Nowadays, drinking water
fountains usually exist in public places, like schools, hospitals, and libraries. Many jurisdictions
in the United States require drinking fountains to be wheelchair accessible (by sticking out
horizontally from the wall) and to include an additional unit at a lower height for children and
short adults [1].
At the start of the 20th century, it was discovered that the original design of fountains,
which contain a vertical spout, were implicated in the spread of contagious diseases [2]. Due to
this reason, the vertical design of drinking water fountains was changed, and an acute angle was
introduced at the flow leaving the spout. Some governments even require water spouts to be as
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[2]

long as four inches to meet health standards . Although the design of drinking water fountains
has been improved, the risks of it spreading diseases still exist. One potential source is the water
supply, as it has been found that biofilm microorganisms can proliferate on the pipe internal
walls. Another source is the humans accessing the water fountain, as microbes from the skin and
saliva could shed onto the fountain surfaces. Therefore, we deducted that the microorganisms on
the surface of the drinking water fountains may come from the running water and human
activities.
In developed countries, drinking water fountains are very common in public places.
Although changes have been made in the design of drinking water fountains, the drinking water
fountain is still overlooked as a source of daily exposure to opportunistic pathogens. In
particular, biofilm-associated microorganisms on fountain spouts, basins and drains can be
resuspended and form droplets and aerosols. Then they can be transferred to people. Despite the
high usage and sanitary risk, to our best knowledge, there has not been a systematic examination
of the diversity, composition, and variation of the biofilm communities that develop on water
fountains. A better understanding of biofilm-associated bacteria from drinking fountains can help
people understand the potential risks of using these facilities.
Inspired by our biofilm studies from other aquatic biofilms in the built environment, we
first hypothesize that water fountains contain a significant number of microorganisms and some
of these organisms can be harmful to people. Second, we hypothesize that there are differences
in bacterial loading among different regions on the fountain surfaces. Further, there are
differences in bacterial loading between lower and higher fountains in a co-located pair. To test
these hypotheses, a sampling projector has been designed to precisely delineate the sampling
areas and regions. Seven different buildings with consistent fountain designs were taken as
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sampling sites. After collecting the water fountain surface samples, we performed DNA
extraction with phenol-chloroform. Then the Real Time-PCR and Miseq sequencing will be used
as the main molecular experimental methods to get further biomass loading information and
community compositions data.
The findings of this project are expected to build the methodological foundation to test
these hypotheses. We expect to discover influences by multiple designs and human variables,
such as the material and age of the water supply pipe systems, how often the fountain is used, the
time at which samples were taken, the surface finish of the basin, and the ambient temperature.
The final analysis can include these variables as needed. Our study is innovative because it will
provide a sampling method to examine a highly overlooked facility in our daily life at a high
spatial resolution. With our method, the future study can better understand the spatial variation of
health-threatening microorganisms within a fountain set, which will eventually lead to better
designs of drinking fountains.
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Chapter 1: Introduction
1.1 Literature review
Molecular experimental methods have been improving since the 20th century when Polymerase
chain reaction (PCR) was invented and the Sanger sequencing was commercialized in 1986 [3].
Environmental scientists started to pay attention to environmental biofilms. The publications of
biofilm studies have been increasing since 1986 (Figure 1).

Figure 1 The number of papers published each year related to “biofilms” from 1986 to 2019.

Fifteen publications were identified under the constraints shown in Table 1. There are five search
criteria:
(1) Publication occurs between 1900 and 2019.
(2) The full text of the article was searched.
(3) The publication related to microbiology and public or environmental health.

2
(4) The publication considered drinking water fountains
(5) The study samples were taken from the fountain’s surface, no from the water or other
sources.
However, among the fifteen result publications, none of them considers the microbial
community analysis of the drinking water fountain surfaces. Two of the fifteen identified
publications are review articles, and five appeared in the final search result because the word
“fountain” was in a location name. The remaining eight publications are related to water
samples, the decorative fountains, or animal drinking water fountains. In conclusion, there is a
knowledge gap around the microbial community variation drinking water fountain surfaces.
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Table 1 Search criteria.
Significance

Boolean
operators

environment, public: to
identify the locations
that have the observed
phenomena

Keywords

Publication
founded in each
set (All File)

#1: environment* OR public usage OR public
facility* OR infrastructure* OR facility* OR assisted
living facility* OR indoor environment* OR water
reservoir*

3,555,952

health, infection,
disease: to identify the
consequences caused
by the object.

AND

#2: health OR public health OR environmental health
OR sanitary safety OR sanitary health OR infection*
OR outbreak* OR infection outbreak* OR healthacquired infection* OR disease* OR cross-infection*
OR nasal disease* OR oral disease* OR potential
risk*

11,347,915

microbe, biofilm,
bacteria: the
mechanism of these
phenomena.

AND

#3: microorganism* OR microbiome OR microbiota
OR microbe* OR microbial species OR microbial
community* OR biofilm* OR bacteria OR bacterium
OR bacterial community OR waterborne OR airborne
OR bioaerosol OR pathogen*

1,677,052

drinking fountain: the
object of this study

AND

#4: water fountain* OR drinking fountain* OR water
drinking fountain*

1,555

surface, area & NOT
water sample: more
specific descriptions of
the object.

AND

#5: surface* OR area* OR surface area*

5,601,899

NOT

#6: tap water sample* OR potable water sample* OR
running water sample* OR drinking water sample*
OR water supply system

72,401

AND &
NOT

(#1 AND #2 AND #3 AND #4 AND #5) NOT #6

15

Final searching result
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1.2 The necessity and significance of the study of drinking water fountain biofilms
Biofilms can easily form on environmental surfaces. Because biofilms can shield
opportunistic pathogens from disinfects, their presence can pose an infection risk to human
beings, especially on highly used public facilities that are not frequently cleaned [4]. Below are
rationales for studying biofilms that formed on drinking water fountains:
First, a variety of studies have linked water-related facilities to nosocomial outbreaks.
Waterborne pathogens can easily grow on moist facilities and they can be transmitted through
many routes, such as contacts (direct or indirect), ingestion and aspiration of contaminated water,
and inhalation of aerosols. This is particularly concerning for immunocompromised individuals.
For example, a two-year-long longitudinal study conducted in Intensive Care Unit (ICU) rooms
showed a relationship between reducing the use of water-associated facilities (sinks) in patient
rooms and a significant reduction in patient colonization with gram-negative bacilli, especially
for patients who spent longer times in the ICU [5]. Despite the attention being paid to hospital
aquatic biofilms, the aquatic biofilms in built environments, e.g. on drinking water fountains,
remain overlooked.
Second, drinking water fountains can spread biofilm bacteria through droplets. One study
showed with fluorescent gels that gram-negative bacilli in sink drains would be dispersed by the
splattering of flowing water from spouts [6]. In other words, the drains can facilitate the
generation of droplets. In this study, a cover device that did not interfere with water flowing into
drains was placed over the drain, and water was run for 30 seconds. After running the water, no
bacteria or fluorescent gel was found on the upper surface of the drain cover, but some targeted
bacteria and fluorescent gel were found on the undersurface of the drain cover [6]. Thus, it can be
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deduced that the dispersal caused by the splashing of the following water had transported
bacteria vertically.
Lastly, biofilm can persist on drinking water fountains once they form if no cleaning is
performed. Biofilms form in two sequential steps, initial adhesion of cells to a solid substrate and
cell-cell adhesion, which would then form multiple layers of cells [7]. The layered biofilm matrix,
which consists of cells and extracellular polysaccharides, is difficult to be thoroughly removed
and can be persistent sources of pathogens. For example, staphylococci usually form biofilms on
surfaces which is also a common cause of hospital-acquired infections [8]. Thus, we cannot
assume that the ordinary water fountains to be clear of biofilms.
Overall, the potential role of aquatic biofilms in pathogen proliferation, the challenge in
removing biofilms, and the knowledge gap in the microbial ecology of fountain biofilms
motivated us to develop a rigorous study of the microbial loadings on drinking water fountains.
The first steps would be to develop a method to rigorous sample, document, and store fountain
samples.

1.3 Preliminary experiments and results
1.3.1 Spatial variation in sink biofilms
Our previous experiments showed that different locations within a handwashing sink
differed in heterotrophic bacterial counts. In this experiment, surface specimens from four
symmetric half-line axial bisectors were taken as shown in Figure 2. Samples were inoculated to
R2A agar plates and cultured for 72 hours. In Table 2, the results showed differed from 0 to 2218
colony-forming units (CFU) per swab. Among the cultured isolates, staphylococcus, bacillus,
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mycobacteria, pseudomonas, etc. were found. The sample DNA was sequenced by 16S
Sanger sequencing.

Figure 2 Sampling locations on the sink.
Table 2 Cell counts results of 20 points in a sink.
Sample
ID

CFU

Sample ID

CFU

Sample ID

CFU

Sample ID

CFU

Sample
ID

CFU

Ⅰ（1）

658

Ⅰ（2）

9

Ⅰ（3）

8

Ⅰ（4）

30

Ⅰ（e）

2218

Ⅱ（1）

1092

Ⅱ（2）

7

Ⅱ（3）

14

Ⅱ（4）

5

Ⅱ（e）

10

Ⅲ（1）

754

Ⅲ（2）

5

Ⅲ（3）

2

Ⅲ（4）

5

Ⅲ（e）

0

Ⅳ（1）

15

Ⅳ（2）

0

Ⅳ（3）

2

Ⅳ（4）

4

Ⅳ（e）

16

1.3.2 The culture result of drinking water fountain samples
Inspired by the finding of spatial variation on sinks, we next considered the sampling
regions on the drinking water fountain basins. In a pre-experiment, the surface of the drinking
water fountain basin was divided into five different sampling regions (represented in Figure 3),
and the surfaces of drains and spouts were also considered as sampling targets. Culture plates
were gained by directly smearing the sampling swabs on Lysogeny broth (LB) agar plates. The
inoculated plates were then incubated at 37℃ for 72 hours. Figure 4 and Figure 5 show the

7
cultured plates from a higher fountain and a co-located lower one, from which we can see
distinctly different amounts of microorganisms. Further, cultured plates from the lower drinking
water fountain samples seem to support more heterotrophic microorganisms than the higher one.

Figure 3 The sampled drinking water fountain and the sampling regions on the basin.

Figure 4 Cultured plates of higher drinking water fountain samples (Sampling area 1 to area 5,
ranging from left to right in the upper row. In the lower row, the cultured plate of the faucet is on
the left and the one of the drain is on the right.).
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Figure 5 Cultured plates of lower drinking water fountain samples (Sampling area 1 to area 5,
ranging from left to right in the upper row. In the lower row, the cultured plate of the faucet is on
the left and the one of the drain is on the right.).

1.3.3 DNA concentration measurement results from drinking water fountain samples
Before beginning field sampling, the sampling points of drinking water fountains were
more closely defined by specific regions and area. In the final sampling strategy, the total
sampling area is a circle evenly divided into three regions, as shown in Figure 6. We precisely
located these sampling regions by the self-made projector. Then we extracted DNA from the
sampling swabs by using the Schmidt DNA extraction method [9]. The concentrations of the
extracted DNA from sampling swabs sampled from the co-located drinking water fountains were
measured by the AccuBlue® NextGen dsDNA Quantitation Kit. And the results are shown in
Table 3.
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Figure 6 The designed sampling regions in different shapes of water fountains.
Table 3 Concentrations of DNA from co-located drinking water fountains.
Sample ID

Concentration
(ng/ul)

Sample ID

Concentration
(ng/ul)

Tall fountain-A1

3.16

Short fountain-A1

2.50

Tall fountain-A2

1.77

Short fountain-A2

1.61

Tall fountain-A3

1.07

Short fountain-A3

1.25

Tall fountain-faucet

1.32

Short fountain-faucet

0.14

Tall fountain-drain

3.15

Short fountain-drain

3.11

1.4 Hypotheses and objectives
1.4.1 Hypotheses
Based on our pre-experiments and literature reviews, two main hypotheses can be made.
The first null hypothesis is that the microbial loading on different regions of the fountain basin
are the same. And its alternative hypothesis is that the microbial loading on different regions of
the fountain basin are different. The second null hypothesis is that the microbial loading between
a set of fountains is the same. Its alternative hypothesis is that the microbial loading between a
set of fountains is different.
It should be noted that when fountain biofilms samples are taken, the data could be
confounded by other variables, including the pipe systems, usage, sampling time, surface finishes,
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and temperature. There may as well be more possibilities in the original hypotheses than needed
in the final analysis results.

1.4.2 Objectives and expected results
Our first objective is to develop a new sampling device that can allow us to separate
different sampling regions on a fountain. Through the application of this device, we can reveal
the spatial variations in microbial loading on drinking water fountains.
Our second objective would be to produce a sample bank for drinking water fountain biofilms.
Since we know little about drinking water fountain, we aim to preserve as many samples as we
could for further analysis.
Our third objective is to examine the feasibility of performing PCR-based analyses on
drinking water fountain biofilm specimens.
By revealing the presence and distribution of biofilms on drinking water fountains, this
research can provide a novel insight for further study and contribute to improving on the design
of the drinking water fountains. It can also enhance our understanding of potential risks in the
public environment. In addition, from the understanding of the internal spatial variation of
harmful microorganisms within a fountain set, we can find a new way to evaluate and improve
the structural designs of the drinking water fountain to reduce biofilm formation. Eventually, we
will be able to explore eradication strategies to improve public health and lower the infection
outbreak probabilities, especially in hospitals.
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Chapter 2: Methodology: The development and innovation
of the surface sampling method
2.1 Sampler design
We went through two iterations to arrive at the sampling device. In the first iteration, our
sampling device was a sterilized aluminum foil cut into five evenly placed regions. While
sampling, we covered them on four symmetric regions inside a handwashing sink (Figure 7).
Samples were taken from each exposed region by one single mini feather swab. This sampling
device was useful, but it also had a lot of disadvantages. First, the sampling area is too small to
get enough DNA for further analysis like sequencing or culturing. Second, the material was
flimsy and difficult to reuse. Lastly, the samples could risk contamination because the aluminum
foil needed to be in contact with the sink surface.

Figure 7 The original sink sampling device.
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We made modifications in the following three aspects. First, we adopted a projector to
control the sampling area, which is non-contact, thus contamination-free. Second, we drew the
sampling regions based on the picture taken from the actual field sampling sites. This produces
precise images to be projected onto the fountain surface. Third, we enlarged the sampling area,
this will allow us to apply multiple sampling swabs for different uses like extracting DNA,
banking and culturing.
As shown in Figure 8, we designed the projection pictures for different shapes of water
fountains. This is achieved in the following steps. First, a picture was taken right above the center
of the sampling target. Second, the picture was edited with basic geometric methods in the
following steps; a) draw the largest circle which contacts the circle of the faucet bottom and shares
the same center with the drain; b) find the inscribed equilateral triangle of the circle, which centroid
should be the same with the circle; c) find the line that connects to the center of the triangle and
the faucet; d) find the lines connected to the triangle’s centroid and its vertices; e) adjust the
triangle until these two kinds of lines coincide. After the above steps, there would be a unique
figure for each sampling area as shown in Figure 8. The figure can precisely divide the whole
sampling region into three smaller regions with the same area. The three regions were labeled in
Figure 8 as Region 1, Region 2, and Region 3. The boundary of each region contained two lines
of the three lines, which connected the centroid of the triangle and its vertices, and a one-third arc
from the circle. According to geometry, these regions are of the same area.
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Figure 8 Drinking water fountain (oval and round) sampling figures.
To project the edited geometry figures on the surface of fountains, we needed a device to
stabilize the mini projector and hang it above the center of the sampling targets. Therefore, we
applied a holder that has a long arm and appended the mini projector above the sampling target
in a suitable height in order to obtain a focused image. As shown in Figure 9, the holder has an
adjustable arm and its head has a clamp that could hold and stabilize the mini projector. In its
upper frame, it also has some flexible sections which could be bent and then stabilized. This
design allowed us to adjust the position of the mini projector.
While sampling, one needs to make sure that the mini projector is above the center of the
drinking water fountain so that the designed pictures would overlap with the fountain to be
sampled. After adjusting the horizontal location of the mini projector, one then needs to adjust its
height to get a clear picture and make the projected pictures completely overlap with the
fountain, as shown in Figure 10.

14

Figure 9 Sampler device.

Figure 10 Projected sampling figure on an oval fountain.
Usually, the projector holder would be put on a cart. The mobility that comes with the
cart makes it easy to find the appropriate position at which the mini projector could project a
clear image for both the higher and the co-located lower drinking water fountain. The heights are
always the same when sampling the same type of fountains. During field sampling, one needs to
make sure not to block the light of the projected figure while sampling the edge of each region.

15
2.2 Sampling and storage methods
2.2.1 Sampling strategy and swabbing method
Instead of taking samples from random locations on the surface of drinking water
fountains, we divided the whole surface into symmetric regions with even area and then
collected the surface specimens separately. In addition, for each fountain to be sampled, we took
specimens from the inner drain and surface of the spout. In order to get a larger amount of DNA
from the specimens, we enlarged the sampling area and decided to take three regions from the
surface of each drinking water fountain. It should be noted that our method results in different
sampling areas on oval and round fountains. However, for fountains of the same shape, the
sampling area are the same.
To be consistent, we did not flush the water before or during field sampling. After taking
specimens from the outer surface of the spout, we let the water run for a minute to prevent the
potential influence of our sampling to normal usage.
To take the specimens, we held three feather swabs [10] in a group and pressed them onto
the surface of target sampling regions. In order to thoroughly take the biofilm specimens from
the target, we had the swabs move through the sampling surface back and forth in a parallel
direction and then repeated the movement in a different direction (Figure 11). We repeated this
swabbing motion for two to three times for around one minute.
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Figure 11 Swabbing strategy on one of the sampling regions on a drinking water fountain.
After collecting the specimens from the surface, we carefully put these three parallel
swabs into three separate sterile collection tubes that are correctly labeled in advance. Then we
broke the swabs at breaking points to fit them into a matching 9 ml tubes. The breaking point of
the swab is designed to let users easily break off the swab tips and collect the specimens
(redpoint in Figure 12).

Figure 12 Feather swab and its breaking point.
In order to minimize errors and be fully prepared during field sampling, we created a
daily checklist to check the storage of the sampling tools. Furthermore, we need to make sure
that all the sampling tools that have direct contact with the sampling targets are sterile.

2.2.2 Storing strategy
After finishing sampling, these swabs were kept in labeled tubes for short storage. And
the tubes were kept in a heat insulation bag until the end of field sampling (<4hr). For long-term
storage, two out of the three swabs were directly stored at -80℃ to preserve the DNA for further
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processes. One swab was immersed in three-milliliter Phosphate Buffered Saline (PBS) and to be
made into glycerol stock. The tube was vortexed for one minute and then shaken for 45 minutes
on a rotor shaker at a speed of 300 rpm. This elution method is a modification of a previous
publication [11].
After elution, we added each one milliliter of the eluate into one milliliter pre-sterilized
30% glycerol solution. Therefore, the final concentration of glycerol in each stock is 15%. After
thoroughly vertexing the mixed stock solution, we stored them at -80℃ for long time storage.
Cryogenic tubes were used to store the mixed solution.

2.3 Innovation
From the literature review, we found that the drinking water fountain was an overlooked
public facility of public health significance. This thesis work is the first step to systematically
sample fountain biofilms.

2.3.1 The innovation of the sampling methods
While most studies of the microbiological aspect of drinking water focused on the water
itself, we focused on the fountain surface biofilms. Further, different from the traditional way of
taking surface samples randomly, our method allows spatially resolved sampling and
reproducibly sampling in the same area.

2.3.2 Additional information
One essential component of the sampling process, although not in our sampling device, is
the sampling swabs. As presented in Figure 12, our sampling tools are Copan Diagnostics Nylon
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Flocked Dry Swabs in Peel Pouches from Fisher Scientific

[10]

. Its specification is shown in Table

4. As illustrated in its product description, its flocked sampling tips are like feathers. Therefore,
its tips can capture more microorganisms than traditional cotton swabs. Its shaft is flexible and
can be easily bent to fit the curly surface while sampling. This design can enlarge the contact
area between the swab tips and the sampling area. Furthermore, its structure has a breakpoint
which improves the efficiency of collecting the swabs after sampling and reduces the crosscontamination risk compared with breaking the tips by ourselves with other tools.
Table 4 The specification of the sampling swab.
Sterility

Sterile

Packaging

Individually
wrapped in a peel
pouch

Applicator material

Plastic

Tips type

Regular flocked

Length(Metric) shaft

80 mm

Length(English) shaft

3.14 in.

Product type

Specimen
Swab

Collection Price/unit

43.51/100
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Chapter 3: Experimental design and field sampling
3.1 Sampling sites
Prior to testing our hypotheses, we considered several potential confounders. First, the
season is a potential confounder. Second, the usage of a drinking water fountain during
weekdays would be higher than it during weekends. Thirdly, the temperatures within a day
would vary. Although it would be impossible to precisely monitor all the variables, we
minimized the influence of multiple variables by controlling the season, week in the week, and
sampling time within a day. All of our samples are collected within 7 days and during the
weekday afternoons.
In addition, the sampling buildings we selected had at least three floors with the same
shape of drinking water fountains. This is in order to cover potential variation in usage frequency
by floors, as the fountains on the first floor could have higher usage frequency due to higher
traffic. And since there are usually several entrances on the first floor, the ventilation condition
of it would be different from other floors which can largely change the aerosol environments of
the drinking water fountains. Therefore, to control the variables of floor difference and shape
difference of the drinking water fountain within a building, we decided to take samples from
drinking water fountains from three floors in each building. Thus, we filtered out the buildings
with less than three floors of drinking water fountains and the ones with different shapes of
fountains on each floor.
Finally, the shape of the drinking water fountain should be consistent. We selected two
shapes of drinking water fountains, oval and round ones because they are the most prevalent on
the university campus we planned to sample. These two kinds of drinking water fountains have
similarities in their structures, the drains are in the center of the fountain basins. This similarity
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allows us to use the same design as the projecting figure for sampling. Including both oval and
round fountains allow us to examine whether the spatial difference of microbial loading within
the drinking water fountains appears in both types. Among the seven buildings we have selected,
three have the oval-shaped drinking water fountains, four have the round-shaped water fountains.

3.2 Experimental design
3.2.1 Overview
Based on the consideration described in Section 3.1, we took the surface specimens on
weekdays, and within seven days.

3.2.2 Sample Banking
We banked samples for both DNA extraction and bacterial stock samples for further
culturing experiments and characterization of specific bacteria. With the parallel swab samples
acquired in the method described in Section 2.2, we preserved each swab in individual tubes
until further processing. The swabs for DNA extraction were directly preserved at -80℃, and the
swab for preserving glycerol stocks was processed within the sampling day. The samples would
be washed by buffer and the washing solution were preserved in 15% glycerol stocks at -80℃.

3.2.3 Sampling sites and dates
This study took biofilm samples from six buildings on the Washington University
campus (Figure 13). We sampled in three buildings that had oval fountains (Green Hall, Rudolph
Hall, and Busch Hall), and three buildings that had round fountains (Hillman Hall, January Hall,
Cupples II, and Weil Hall). We sampled one pair of a short and tall fountain on each floor of the
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building, and sample three floors of fountains in each building. The sampling schedule is shown
in Table 5.

3.2.4 Sampling schedule
● Aliquoting and cryopreservation were performed on the same day.
● Sampling was performed in the afternoon to reflect a status under regular usage.
Table 5 Sampling schedule.
Date

Green

Rudolp

Busch

Hillma

Cupples

January

Weil

Hall

h

Hall

n

II

Hall

Hall

Hall

Hall

Hall
9/18

9/19

9/20

9/25

√

√

√

√

√

√

√
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Figure 13 Sampling sites.

3.2.5 Sampling protocol
The finalized sampling protocol is shown in Appendix A.
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Chapter 4: DNA extraction and biomass preservation
4.1 DNA extraction
We conducted DNA extraction using the Schmidt method. Before conducting the
experiments, individually packaged reagents were aliquoted for each group of specimens of each
building to reduce the contamination. Reagents were steam-sterilized before the experiments.

4.2 The DNA concentration results of samples
We measured the DNA concentration use the AccuBlue® NextGen dsDNA Quantitation
Kit. The results are shown in Table 6.
Table 6 DNA concentration of all the specimens after extraction.

Sample ID

DNA
Concentration
(ng/ul)

Sample ID

DNA
Concentration
(ng/ul)

Sample ID

DNA
Concentration
(ng/ul)

1

0.54

68

5.72

135

1.35

2

0.30

69

0.12

136

0.02

3

0.18

70

9.06

137

0.01

4

3.54

71

0.03

138

0.01

5

6.64

72

0.34

139

0.17

6

3.24

73

0.94

140

3.63

7

1.54

74

0.08

141

0.08

8

1.17

75

10.51

142

0.04

24
9

0.36

76

0.17

143

0.09

10

16.38

77

0.09

144

0.36

11

0.06

78

0.05

145

6.18

12

0.16

79

0.09

146

0.01

13

0.10

80

0.66

147

0.02

14

7.83

81

1.02

148

0.01

15

16.95

82

0.50

149

0.09

16

0.31

83

0.85

150

1.24

17

0.32

84

0.67

151

0.16

18

0.57

85

10.34

152

0.18

19

4.87

86

1.18

153

0.06

20

16.38

87

0.10

154

2.04

21

0.50

88

0.67

155

8.11

22

0.57

89

0.17

156

0.05

23

2.10

90

0.94

157

0.33

24

7.00

91

0.05

158

0.36

25

18.90

92

0.18

159

080

25
26

8.51

93

0.11

160

3.72

27

3.00

94

9.05

161

1.15

28

3.27

95

2.88

162

0.31

29

4.89

96

0.13

163

0.62

30

5.86

97

0.13

164

0.07

31

0.21

98

0.09

165

8.77

32

0.32

99

3.46

166

0.54

33

0.15

100

9.71

167

0.07

34

2.86

101

0.13

168

0.76

35

72.17

102

0.10

169

2.16

36

1.92

103

1.29

170

6.20

37

0.02

104

6.89

171

0.14

38

0.25

105

3.59

172

0.16

39

0.40

106

0.88

173

0.34

40

5.28

107

0.41

174

2.19

41

1.52

108

1.17

175

7.72

42

0.13

109

3.65

176

0.19

26
43

0.56

110

29.75

177

0.23

44

1.04

111

1.20

178

0.23

45

10.03

112

0.71

179

0.25

46

0.37

113

0.46

180

7.80

47

0.01

114

4.12

181

0.16

48

0.06

115

10.25

182

0.03

49

0.02

116

6.66

183

0.01

50

7.41

117

0.51

184

0.46

51

0.18

118

0.59

185

4.07

52

0.13

119

0.66

186

0.53

53

0.34

120

6.78

187

0.33

54

4.67

121

1.55

188

0.32

55

2.11

122

2.04

189

0.51

56

0.05

123

2.87

190

3.24

57

0.00

124

48.68

191

0.53

58

0.01

125

37.30

192

0.55

59

0.01

126

1.44

193

0.37

27
60

0.21

127

0.51

194

0.13

61

0.60

128

0.51

195

3.74

62

0.08

129

5.70

196

0.24

63

0.30

130

88.56

197

0.12

64

0.16

131

0.14

198

0.47

65

28.32

132

0.24

199

0.07

66

5.16

133

0.189

200

3.79

67

5.58

134

26.08

4.3 Polymerase chain reactions (PCRs) and troubleshooting
After measuring the DNA concentrations, PCR with general bacterial primer was done on
all the samples. The PCR condition is attached in the Appendix G. The primer sequences are FACACGACGCTCTTCCGATCTYRYRGTGCCAGCMGCCGCGGTAA, and RACTGGAGTTCAGACGTGTGCTCTTCCGATCTGGACTACHVGGGTWTCTAAT.
PCR products were visualized by gel electrophoresis and the results showed that 121 of
the 200 samples failed in the PCRs. Three of the extracted DNA samples of the backup swabs
specimens from Building 1 failed in PCRs. Figure 14 showed the first-round PCR results of the
230 samples.
Since the microorganisms in drain samples are complex and fungi may be present in the
drain samples, we considered if fungi would influence our reactions [12]. Because the primer set
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we used is in V3 and V4 region of the Bacterial 16s rRNA gene

[13]

, fungi are unlikely to cause

false positive in PCR.

Figure 14 The troubleshooting processes.
To troubleshoot the failed samples, I adjusted the concentration of those samples to 1.5
ng/ul and ran the PCRs again. The results showed that the reason 32 samples failed in the first
round PCRs is because of the high concentration as concluded in Figure 14. Then I purified the
rest samples that failed in the PCRs. We used the traditional ethanol purification method with
additional co-precipitant, linear acrylamide, and sodium acetate. After that, I measured the DNA
concentration and adjusted all the concentrations of all the samples to 1 ng/ul. Then I conducted
PCRs on those purified samples again. After running the gel electrophoresis experiments, the
results showed that after the ethanol purification, sample 5, 10, 21, 25,30, 40, 55, 70, 80, 100,
115, 130, 131, 135, 140, 145, 172 failed in the polymerase chain reactions again. Then I tried
troubleshooting the failed samples by diluting the samples. In the first round of troubleshooting, I
diluted the target samples by doubling the volume. It worked for some samples. The gel picture
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showed that sample 5, 10, 55, 100, 135, 145, 172 remained failed. Then I kept diluting the
samples by doubling the total volume of the samples. After six times of dilution and
troubleshooting processes, all the samples succeeded in the PCRs. The gel electrophoresis
pictures are shown in Appendix H.

4.4 Summary
We successfully performed DNA extraction and PCR from swab samples. We included
several procedures to reduce contamination risks, including making reagents for each set of
samples separately and sterilized them before using them. We also performed negative control
samples for each experiment, including DNA extraction and PCRs, for further comparison.
Further, for each round of PCRs, we ran negative controls together with the target samples.
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Chapter 5: Data Analysis and Discussion
5.1 Summary
We used R to visualize the results of DNA concentrations of the samples from seven
buildings. Figure 15 is the boxplot of the DNA concentration of all the samples, including
surface samples from the fountain basins and the specimens from the drains and spouts.

Figure 15 The boxplot of DNA concentrations of all the samples.
Figure 16 is the boxplots of the DNA concentration of the specimens from the basins,
drains, and spouts. The drain samples have the highest median, maximum, minimum, and the 1st
quartile. Therefore, the drain samples are of the highest concentration among the three types of
specimens. Specimens from the spout have a relatively higher concentration than those from the
basins.
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Figure 16 Boxplots of the DNA concentrations from basins, drains, and spouts.
Figure 17 is the boxplots of the DNA concentration of the surface specimens from the
higher and the co-located lower fountain basins. The figure shows that the samples from the
lower drinking water fountains have a higher median. One-way ANOVA suggested that the
difference between the means were not significant at alpha=0.05. When examined building by
building (Figure 18), it appeared that higher DNA concentration in high fountains than low
fountains was observed in all buildings but B2 and B5. The possible reasons could be DNA
extraction error, the difference in water pipes, fountain shapes, and the temperature. More
investigation and analysis should be done on the existing samples to figure out the answer.
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Figure 17 The boxplot of the DNA concentration of the surface specimens from the higher and
the co-located lower fountain.

Figure 18 The boxplots of DNA concentrations from the higher and lower fountain basins of the
seven buildings.
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5.2 Prospects
The information we can get from the DNA concentration results of the 200 samples is
really limited. It could lead to some hypothesis around microbial loading differences on different
shapes of fountains, but these hypotheses remain to be tested. To achieve this objective, we need
to normalize the DNA concentration value on each sampling basin by the sampling area.
Due to the time-limit and the COVID-19 pandemic situation, we were not able to perform the
DNA sequencing experiment and the cultivation experiment. However, we have already
prepared for this step. In particular, our PCR troubleshooting experiment provides useful
guidance for amplicon sequencing using the same primer set.
Last but not the least, more investigations and experiments should be done on our
existing samples. With further findings from the field samples, we are expecting to reveal more
information about drinking water fountains, especially how their designs affect the microbial
communities on the water fountain basin, and how we can improve the design of the drinking
water fountains to reduce the risks.
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Appendix A: Sampling protocol
Twenty pairs of short and tall water fountains (40 fountains) will be sampled in this study.
1. Two buildings will be sampled on the same day. The whole sampling procedure will be
completed Within a week.
2. Each sampled point will have its specific location information labeled on the tube body and a
unique sample ID on the cap to maximally preserve the information (details in the Labeling
scheme).
3. Specific sampling time will be recorded in daily sample sheets as well.
4. Label all the collection tubes before the sampling.
5. For each sampling point, three Eswabs will be collected.
a. Pre-moisten the swabs with molecular biology grade water.
b. Apply very firm pressure to the swabs when collecting the samples, hold the three
swabs in tandem and twist them while sampling.
c. Move the swabs in different directions to cover the surface. Then each swab placed
into a 9 ml sterile collection tube to collect and transport.
d. Label the collection tubes before sampling.
6. Fountain samples will be collected as follows:
Set up the projector next to the fountain on a safe and even surface, adjust the projected picture
to fit the edge of the fountain before taking samples. Check Appendix F (Projector instructions)
for more details.
a. Three surfaces: (Area1, Area2, Area3) Swab the surface thoroughly according to
the projector guide (attach the pictures as the appendix)
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b. Faucet: Do not touch the water outlet when swabbing it. (Let the water run for a
minute after sampling to resume a regular usage status )
c. Drain: Swab the entire trap surface. Insert the swabs directly into the drain as far as
they can go down. If possible, twirl the swabs to rub them against the sides of the
drain.
7. On arrival at the laboratory, one of the three collected samples from each point will be
processed according to the aliquot protocol (Section C). The other two swabs will be directly
stored in the -80C freezer.
Labeling scheme
1. Each sample would have the full sample information recorded on the sampling vials.
● The label on the body will include a shortened building name, its floor, its height, the
specific sampling surface in each fountain (e.g. Gr1F-T-A1 indicates Green Hall, first
floor, Tall fountain, surface type A, area 1) and sampling date and time.
● The label on the cap should be a simple number name.
2. For each sample, there will be 3 labeled 9-ml sample collection tubes. Two will be directly
frozen in-80 for DNA extraction. One will go to the Aliquoting procedure.
Aliquoting protocol
Supplies:
● 2mL cryovials
● TSB with 15% glycerol
● Shaker
● Freezer box
Surface swab specimens:
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1. Prepare enough sterilized TSB with 30% glycerol in advance. (See Appendix B)
2. Add 3 ml PBS solution in the 9 ml transportation tubes before vortexing the Eswab
specimen for 30 seconds.
3. Vortex the Eswab specimen for 30 seconds and then shake the tubes at 300 rpm on a
rotary shaker for 45 minutes.
4. Add 1 ml of prepared TSB with 30% glycerol in the labeled cryogenic tubes and aliquot 1
ml of the washing solution in the correlated vials.
5. After aliquoting, there should be 3 aliquots for each swab.
6. Store the aliquots at -80 after labeling.
Labeling scheme
Each sample would have the full sample information recorded on the sampling vials.
● The label on the body will include a shortened building name, its floor, its height, the
specific sampling surface in each fountain (e.g. Gr1F-T-A1 indicates Green Hall, first
floor, Tall fountain, surface type A, area 1) and sampling date and time.
● Use the yellow label on 9ml transportation tubes.
● Glycerol stocks in cryogenic vials will be labeled as 1.0, 1.1, and 1.2 to indicate
triplicates using the white label.
● The label on the cap should be a simple number name.
For each sample, there will be 3 labeled collection tubes and glycerol stock vials.
DNA extraction samples
For each sample, two Eswab collection tubes will be directly frozen in -80C for DNA extraction.
Before the extraction process:
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a. Use a pair of sterilized forceps to transfer the swab in a prepared DNA extraction
tube.
b. The swabs need to be cut to fit into the DNA extraction tubes. To do this, the
flame sterilization of scissors between each sample will be required.
c. Wash the 9 ml centrifuge tube with 300 DNA extraction buffer twice and collect
the washing solution in the corresponding tube.
Sample day checklist
This will be stapled to Yi’s lab note and scanned to preserve a separate copy.
Date __________ Time __________
Building ________________ Fountains ________________ Pairs _______
Samples in each fountain ____________ Total samples ____________
●

Sampling preparation checklist:

Section

Amount (±2%)

Preparation

9 ml centrifuge tubes

90/180

Label

502C swabs

90/180

None

Biology degree water

50-100 ml

● Label
● Autoclave

Check
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Projector

● Full charge

1

● Load image

TSB/15% glycerol

150-200 ml

● Autoclave
● Filter

Cryogenic vials

90/180

Label

Labels

180/360

● Print
● Stick to corresponding
vials
●

● Sampling checklist: (rows are the number of fountains)
Fountain Type: _____________
Fountains in

Floor

Type of surface

Label

Buildings
1

1st

Area1, Area2,

__1F-T-A1

Area3, 4 Faucet,

__1F-T-A2

5 Drain

__1F-T-A3
__1F-T-B
__1F-T-C

Check
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2

1st

Area1, Area2,

__1F-S-A1

Area3, 4 Faucet,

__1F-S-A2

5 Drain

__1F-S-A3
__1F-S-B
__1F-S-C

3

2nd

Area1, Area2,

__2F-T-A1

Area3, 4 Faucet,

__2F-T-A2

5 Drain

__2F-T-A3
__2F-T-B
__2F-T-C

4

2nd

Area1, Area2,

__2F-S-A1

Area3, 4 Faucet,

__2F-S-A2

5 Drain

__2F-S-A3
__2F-S-B
__2F-S-C

5

3rd

Area1, Area2,

__3F-T-A1

Area3, 4 Faucet,

__3F-T-A2

5 Drain

__3F-T-A3
__3F-T-B
__3F-T-C

6

3rd

Area1, Area2,

__3F-S-A1
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Area3, 4 Faucet,

__3F-S-A2

5 Drain

__3F-S-A3
__3F-S-B
__3F-S-C

● Stock checklist
Stock type

Stock Location

Label

DNA sample

Freezer (-80):

__1/2/3F-T/S-A1

_________

__1/2/3F-T/S-A2
__1/2/3F-T/S-A3
__1/2/3F-T/S-B
__1/2/3F-T/S-C

Glycerol stock

Freezer (-80):

__1/2/3F-T/S-A1

_________

(1)/ (2)/ (3)
__1/2/3F-T/S-A2
(1)/ (2)/ (3)
__1/2/3F-T/S-A3
(1)/ (2)/ (3)
__1/2/3F-T/S-B
(1)/ (2)/ (3)
__1/2/3F-T/S-C

Check
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(1) (2)/ (3)
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Appendix B: TSB/glycerol preparation protocol
Prepare the TSB solution and 60% glycerol separately. Autoclave the two solutions. Add an equal
volume of 60% glycerol solution into the TSB solution (1:1) and then filter the combined solution
before using it.
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Appendix C: Sampling locations and labeling
Building

Sampling sites

Samples locations at each
site

Green

1F:1st floor

Hall

2F:2nd floor

A. Three surface samples

3F:3rd floor

(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)

T: Tall
fountain
S: Short
fountain

Tall fountain (T):

B. One from the drain
C. One from the faucet

Short fountain (S):
A. Three surface samples
(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)
B. One from the drain
C. One from the faucet

Samples
name

Sample
ID (cup)

Gr1F-T-A1,

1

Gr1F-T-A2,
Gr1F-T-A3,
Gr1F-T-B,
Gr1F-T-C;

2

Gr1F-S-A1,
Gr1F-S-A2,
Gr1F-S-A3,
Gr1F-S-B,
Gr1F-S-C
Gr2F-T-A1,
Gr2F-T-A2,
Gr2F-T-A3,
Gr2F-T-B,
Gr2F-T-C;

3
4
5
6
7
8
9
10

Gr2F-S-A1,
Gr2F-S-A2,
Gr2F-S-A3,
Gr2F-S-B,
Gr2F-S-C

11

Gr3F-T-A1,
Gr3F-T-A2,
Gr3F-T-A3,
Gr3F-T-B,
Gr3F-T-C;

14

Gr3F-S-A1,
Gr3F-S-A2,
Gr3F-S-A3,
Gr3F-S-B,
Gr3F-S-C

17

12
13

15
16

18
19
20
21

(Each label
should have
three
replicates)

22
23
24

46
25
26
27
28
29
30

Rudolph

1F:1st floor

Hall

2F:2nd floor

A. Three surface samples

3F:3rd floor

(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)

T: Tall
fountain
S: Short
fountain

Tall fountain (T):

B. One from the drain
C. One from the faucet

Short fountain (S):
A. Three surface samples
(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)
B. One from the drain
C. One from the faucet

Ru1F-T-A1,
Ru1F-T-A2,
Ru1F-T-A3,
Ru1F-T-B,
Ru1F-T-C;

31

Ru1F-S-A1,
Ru1F-S-A2,
Ru1F-S-A3,
Ru1F-S-B,

34

Ru1F-S-C
Ru2F-T-A1,
Ru2F-T-A2,
Ru2F-T-A3,
Ru2F-T-B,
Ru2F-T-C;
Ru2F-S-A1,
Ru2F-S-A2,
Ru2F-S-A3,
Ru2F-S-B,

32
33

35
36
37
38
39
40
41
42
43

Ru2F-S-C
44
Ru3F-T-A1,
Ru3F-T-A2,
Ru3F-T-A3,
Ru3F-T-B,
Ru3F-T-C;
Ru3F-S-A1,
Ru3F-S-A2,
Ru3F-S-A3,
Ru3F-S-B,
Ru3F-S-C

45
46
47
48
49
50
51

47
(Each label

52

should have
three
replicates)

53
54
55
56
57
58
59
60

Busch

1F:1st floor

Hall

2F:2nd floor

A. Three surface samples

3F:3rd floor

(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)

T: Tall
fountain
S: Short
fountain

Tall fountain (T):

B. One from the drain
C. One from the faucet

Short fountain (S):
A. Three surface samples
(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)
B. One from the drain
C. One from the faucet

Bu1F-T-A1,
Bu1F-T-A2,
Bu1F-T-A3,
Bu1F-T-B,
Bu1F-T-C;

61

Bu1F-S-A1,
Bu1F-S-A2,
Bu1F-S-A3,
Bu1F-S-B,
Bu1F-S-C

64

Bu2F-T-A1,
Bu2F-T-A2,
Bu2F-T-A3,
Bu2F-T-B,
Bu2F-T-C;

62
63

65
66
67
68
69
70

Bu2F-S-A1,
Bu2F-S-A2,
Bu2F-S-A3,
Bu2F-S-B,
Bu2F-S-C

71
72
73

Bu3F-T-A1,
Bu3F-T-A2,
Bu3F-T-A3,
Bu3F-T-B,
Bu3F-T-C;
Bu3F-S-A1,
Bu3F-S-A2,
Bu3F-S-A3,
Bu3F-S-B,

74
75
76
77
78

48
Bu3F-S-C

79
80

(Each label
should have
three
replicates)

81
82
83
84
85
86
87
88
89
90

Hillman Hall

1F:1st floor

Tall fountain (T):

2F:2nd floor

A. Three surface samples

3F:3rd floor

(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)

T: Tall
fountain
S: Short
fountain

B. One from the drain
C. One from the faucet

Short fountain (S):
A. Three surface samples
(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)
B. One from the drain

Hi1F-T-A1,
Hi1F-T-A2,
Hi1F-T-A3,
Hi1F-T-B,
Hi1F-T-C;

91

Hi1F-S-A1,
Hi1F-S-A2,
Hi1F-S-A3,
Hi1F-S-B,

94

Hi1F-S-C
Hi2F-T-A1,
Hi2F-T-A2,
Hi2F-T-A3,
Hi2F-T-B,
Hi2F-T-C;
Hi2F-S-A1,
Hi2F-S-A2,
Hi2F-S-A3,
Hi2F-S-B,

92
93

95
96
97
98
99
100
101
102
103

Hi2F-S-C
104
Hi3F-T-A1,
Hi3F-T-A2,
Hi3F-T-A3,

105

49
C. One from the faucet

Hi3F-T-B,
Hi3F-T-C;

106
107

Hi3F-S-A1,
Hi3F-S-A2,
Hi3F-S-A3,
Hi3F-S-B,
Hi3F-S-C

108
109
110
111

(Each label
should have
three
replicates)

112
113
114
115
116
117
118
119
120

Cupples II Hall

Tall fountain:
A. Three surface samples
(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)
B. One from the drain
C. One from the faucet

Short fountain:
A. Three surface samples
(A1 stands for the location on

Cu1F-T-A1,
Cu1F-T-A2,
Cu1F-T-A3,
Cu1F-T-B,
Cu1F-T-C;

121

Cu1F-S-A1,
Cu1F-S-A2,
Cu1F-S-A3,
Cu1F-S-B,

124

Cu1F-S-C
Cu2F-T-A1,
Cu2F-T-A2,
Cu2F-T-A3,
Cu2F-T-B,
Cu2F-T-C;
Cu2F-S-A1,
Cu2F-S-A2,
Cu2F-S-A3,

122
123

125
126
127
128
129
130
131

50
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)
B. One from the drain
C. One from the faucet

Cu2F-S-B,

132

Cu2F-S-C

133

Cu3F-T-A1,
Cu3F-T-A2,
Cu3F-T-A3,
Cu3F-T-B,
Cu3F-T-C;

134

Cu3F-S-A1,
Cu3F-S-A2,
Cu3F-S-A3,
Cu3F-S-B,

137

Cu3F-S-C

135
136

138
139
140
141

(Each label
should have
three
replicates)

142
143
144
145
146
147
148
149
150

January Hall

1F:1st floor

Tall fountain (T):

2F:2nd floor

A. Three surface samples

3F:3rd floor

(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)

T: Tall
fountain
S: Short

B. One from the drain
C. One from the faucet

Ja1F-T-A1,
Ja1F-T-A2,
Ja1F-T-A3,
Ja1F-T-B,
Ja1F-T-C;

151

Ja1F-S-A1,
Ja1F-S-A2,
Ja1F-S-A3,
Ja1F-S-B,

154

Ja1F-S-C
Ja2F-T-A1,

152
153

155
156
157

51
fountain
Short fountain (S):
A. Three surface samples
(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)
B. One from the drain
C. One from the faucet

Ja2F-T-A2,
Ja2F-T-A3,
Ja2F-T-B,
Ja2F-T-C;
Ja2F-S-A1,
Ja2F-S-A2,
Ja2F-S-A3,
Ja2F-S-B,

158
159
160
161
162

Ja2F-S-C

163

Ja3F-T-A1,
Ja3F-T-A2,
Ja3F-T-A3,
Ja3F-T-B,
Ja3F-T-C;

164

Ja3F-S-A1,
Ja3F-S-A2,
Ja3F-S-A3,
Ja3F-S-B,
Ja3F-S-C

165
166
167
168
169
170
171

(Each label
should have
three
replicates)

172
173
174
175
176
177
178
179
180
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Appendix D: Sampling supplies checklist
Materials

For each
site(quantity±5)

For each building
(±15)

For each sampling
day (±30)

Feather swab

15

90

180

9 ml Sterile
centrifuge transport
tubes

20

120

240

DNA extraction tube

5

30

60

Cryogenic vial

5*3=15

90

180

TSB with 30%
glycerol

30ml

180 ml

360 ml

Molecular Biology
degree water

6ml

36ml

72ml
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Appendix E: Projector instruction
1. Press the power button for 3 seconds to turn on the projector.
2. Use the touch bar or the remote to click on the file-like icon.
3. Use the touch bar or the remote to click the SD card icon.
4. Chose the picture you want to project.
5. If the taskbar blocks your sight click the following icon to minimize it.
Notes: Charge the projector for 4 hours before using. Adjust the dotted line to the position of the
sink's symmetry axis before sampling.
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Appendix F: Additional sampling building (Weil Hall: A
new building with round shape fountains)
Building

Sampling sites

Samples locations at each
site

Weil

1F:1st floor

Hall

2F:2nd floor

A. Three surface samples

3F:3rd floor

(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)

T: Tall
fountain
S: Short
fountain

Tall fountain (T):

B. One from the drain
C. One from the faucet

Short fountain (S):
A. Three surface samples
(A1 stands for the location on
the bottom of the fountain
surface, A2 and A3 are areas
on the left and right of A1.)
B. One from the drain
C. One from the faucet

Samples
name

Sample
ID (cup)

We1F-T-A1,

181

We1F-T-A2,
We1F-T-A3,
We1F-T-B,
We1F-T-C;

182

We1F-S-A1,
We1F-S-A2,
We1F-S-A3,
We1F-S-B,
We1F-S-C
We2F-T-A1,
We2F-T-A2,
We2F-T-A3,
We2F-T-B,
We2F-T-C;

183
184
185
186
187
188
189
190

We2F-S-A1,
We2F-S-A2,
We2F-S-A3,
We2F-S-B,
We2F-S-C

191

We3F-T-A1,
We3F-T-A2,
We3F-T-A3,
We3F-T-B,
We3F-T-C;

194

We3F-S-A1,
We3F-S-A2,
We3F-S-A3,
We3F-S-B,
We3F-S-C

197

192
193

195
196

198
199
200
201

(Each label
should have
three

202
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replicates)

203
204
205
206
207
208
209
300
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Appendix G: PCR recipe and condition
The total volume of each PCR was 12.5 μl containing a 2.5 ul 5X reaction buffer, 1.25 μl 1st step
forward primer and 1.25 μl 1st step reverse primer (with a final concentration of 0.5μM/L), GoTaq
Polymerase 0.0625 μl (with a final concentration of 1UI/L), 1 μl DNA template, 1.25 μl MgCl2,
0.25 μl dNTP, and 7 μl sterilized molecular biology degree water. The thermocycling conditions
include an initial denaturation process at 95℃ which would last for 3 min, thirty cycles of 30s
95℃ denaturation process, 1 min of a 55℃ annealing process, 2 min of a 72℃ extension process,
and a final extension process at 72℃ for 10 min. Then the PCR products were kept at 4℃ before
further operations.
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Appendix H: The gel electrophoresis pictures of
troubleshooting

Figure 19 Sample (ID: 1-54) PCRs results in gel electrophoresis. Failed samples’ ID: 5, 10, 21,
25, 30, 40.

Figure 20 Sample (ID: 55-106) PCRs results in gel electrophoresis. Failed samples’ ID: 55, 70,
80, 100.
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Figure 21 Sample (ID: 107-158) PCRs results in gel electrophoresis. Failed samples’ ID: 115,
130, 131, 135, 140, 145.

Figure 22 Sample (ID: 159-198) PCRs results in gel electrophoresis. Failed samples’ ID: 172.
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Figure 23 PCR troubleshooting results of sample 199-200. Troubleshooting strategy: take 10 μl
of each failed sample then add 10 μl molecular biology degree water to dilute them (1/2 of the
original concentration), then take 1 μl and 0.5 μl of those samples as templates for PCRs. Failed
samples: 5, 10, 55, 100, 135, 145, 172. “N” represents negative control.

Figure 24 PCR troubleshooting of failed samples. Troubleshooting strategy: add 10 μl molecular
biology degree water to dilute the previous diluted failed samples (1/3 of the original
concentration), then take 1 μl and 0.5 μl of those samples as templates for PCRs. Failed samples:
5(1 μl), 10, 55,135, 172. “N” represents negative control.
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Figure 25 PCR troubleshooting of failed samples. Troubleshooting strategy: add 10 μl molecular
biology degree water to dilute the previous diluted failed samples (1/4 of the original
concentration), then take 1 μl and 0.5 μl of those samples as templates for PCRs. Failed samples:
5(1 μl), 10, 55,135. “N” represents negative control.
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Figure 26 PCR troubleshooting of failed samples. Troubleshooting strategy: add 10 μl molecular
biology degree water to sample 5 (1/5 of the original concentration), add 20 μl molecular biology
degree water to sample 10 (1/6 of the original concentration), add 20 μl molecular biology
degree water to sample 55 (1/6 of the original concentration), add 10 μl molecular biology
degree water to sample 145 (1/5 of the original concentration), add 10 μl molecular biology
degree water to sample 100 (1/5 of the original concentration), add 20 μl molecular biology
degree water to sample 135 (1/6 of the original concentration), add 10 μl molecular biology
degree water to sample 172 (1/5 of the original concentration), then take 1 μl and 0.5 μl of those
samples as templates for PCRs. Failed samples: 10(1 μl), 55,135(1 μl). “N” represents negative
control.
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Figure 27 PCR troubleshooting of failed samples. Troubleshooting strategy: add 10 μl molecular
biology degree water to sample 5 (1/6 of the original concentration), add 10 μl molecular biology
degree water to sample 10 (1/7 of the original concentration), add 30 μl molecular biology
degree water to sample 55 (1/9 of the original concentration), add 20 μl molecular biology
degree water to sample 135 (1/8 of the original concentration), add 10 μl molecular biology
degree water to sample 172 (1/6 of the original concentration), then take 1 μl and 0.5 μl of those
samples as templates for PCRs. Failed samples: 55. “N” represents negative control.
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Figure 28 PCR troubleshooting of failed samples. Troubleshooting strategy: add 95 μl molecular
biology degree water to sample 55 (1/18 of the original concentration), add 20 μl molecular
biology degree water to sample 135 (1/10 of the original concentration), then take 1 μl, 0.7 μl,
0.5 μl and 0.3 μl of those samples as templates for PCRs. Failed samples: 55(1 μl), 55(0.7 μl),
55(0.5 ul). “N” represents negative control.

